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ABSTRACT 
TIROS I1 measurements of infrarcd  radiation  in  the IO-micron “water-vapor  window” on one  orbital  pass over 

the  United  States  are  examined  in  detail  relative to the field of cloudiness as  derived  from  TIROS I1 television pic- 
tures  and  from  other  meteorological  data.  The  radiation  data  are  found to  portray clearly the large-scale  systems 
of middle and  dense  high  cloud  overcast,  a  capability  that  exists  both  day  and  night.  Through  use of information 
about  the  vertical  and  horizontal  temperature fields,  useful quantitative  estimates of the  heights of t.he tops of cloud 
systems  are  dcrived. I n  cases  where  there is  a  low overcast,  the  window  measurements  in  themselves  may  not dis- 
tinguish  clouds  from  clear  arcas;  but  during  daytime if television  pictures  are  available,  the  window  measurements 
can  clearly show where a cloud  overcast is  low in height.  Some  tentative  conclusions  about  the  partial  t’ransparency 
of cirrus  clouds to  infrared  radiation  are  also  presented. 

1. INTRODUCTION 

TIROY I produced thousands of excellent’ photographs 
of cloudiness on m m y  scales  (e.g., [I,  2 ,  31). However, 
it was rarely possible to ascertain  from  the  pictures alone 
t’he levels in  the  atrnospherc a t  which the clouds were 
locat,ed. Moreover, t,he TIROS cameras  depend on 
reflect’ed solar  energy, and t’hus can operat,e  only  in 
daylight. 

To assist in  overcoming  thesc  limitnt’ions, as well :IS 

for other purposes, TIROS 11,2 which was launched on 
November 23,  1960, cwried  several  radiometers in addi- 
tion to two television c.ameras [4, 5, 61. One of these 
radiometers measured  t’he  energy  emitted by the  Earth 
in the so-called ‘L~vater-vapor window”, the wrLvelengt’ll 
interval from about 8 to 12 microns.  Since wat’er vapor 
has a  relatively small effect on the “window”  measure- 
ments, the  sat8ellit’e  measures the energy  emitted  by  the 

*This research has  been  partially  supported by  the  National Aeronautics and Rpace 

2 The altitude of TIROB I1 was about 450 miles, and  the  subsatellite point moved 
Administration. 

between 48” N. and 48’ S. 

“surface” which i t  “sees”  in  t,he  spectral  range of t’he 
inst,rumcnt’. An overcast  (undercast as “seen” by the 
satellite) of dense  middle and high  clouds, whose t’ops 
are cold,  emit8s  relat,ively  litt,le  energy. By contrast, 
nearby  areas of lower clouds or  broken clouds,  or cloudless 
nreaLs generally  emit  more  energy. If the radiat’ing  sur- 
face is o p q u e ,  the energy  emitted  by  this surface and 
measured by the  satellite is related to  tjhe  temperat’ure 
of this  surface;  otherwise  the  radiation is a complicated 
function of the cloud amount  and cloud structure. 

The water-vapor  window on TIROS I1 was rather 
broad.  Although the  entire  rtldiometer was not cali- 
brtLted in detail  for  spectral  response,  the  combination of 
t’he  spectral effect,s of t’he filt,er and of the chopper [4] 
are shown in  figure 1. I t  is assumed  t8hat  all  other sur- 
faces  within the  instrument  had uniform  spectral charac- 
teristics. The filter  transmitted  mainly  the  radiation 
hetwcen  about, 7.5 and 13 microns. There also was a 

energy from the  Earth  and from  space to a spnsing element. This  is  the hasis  for pro- 
3 The chopper is a  rotating disk,  half  mirrored and half black,  which  alternately  reflects 

ducing an alternating  signal from the satellite. 
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FIGURE I.-The spectral t~ransmissior~ of the TIROS I1 "window" 
radiometer. 

small  transmission in  the region near 17 microns, but 
calculations of the energy  emitt'ed  from  the Eart'h a t  t'his 
wavelengt'h  indicat'e that  this  contribut'ed  very  little 
energy to  the  total energy  received at, tlle  satellit'e  from 
t'he Eart'h. 

The  radiometers were crtlibrtlt'ed before launch at  Cape 
Cmaveral. Some  urlcertaint,y  exists  as to the exact 
value of t'he  radiat'ion  measured 171, especially  when  t'be 
radiomet'er was viewing a. cold  source on the  Earth. 
Nevert,heless, there  are  indications  that  tmhe  pattern of 
radiation is basically  correct',  since  even for low (cold) 
radiation  values  there is an error of no  more  than a few 
degrees. 

The application of these  satellite  radiation  data t,o 
est'irnat'e cloud amount's  and  heights will be most useful 
in oceanic areas  a,nd  other  sparse-dah  areas.  But  the 
case st'udy described in  this  paper was made over the 
United  States so t,hat  t'he  results could be checked with 
good convent'ional data. 

During  orbital pass 4, on t'he day of launch, good sat'ellite 
measurements were made  over  the  United  States between 
about 1805 and 1815 GMT. A few radiative  results  from 
the first, four  passes have  already been  described [4]. In 
t<llis paper  the window data obt'ained on pa,ss 4 over the 
Unit,ed States  are discussed in  great'er  det'ail  together  with 
associated  picture  nephanalyses and convent'iorlal  meteoro- 
logical data. 

Wit,h use of the best  calibrat,ion  available,  values of 
radiation  intensity were  expressed  in terms of "effective" 
or "equivalent," temperahre, TE, defined as follows: 

Let IA be tjhe intensity of the  energy at the wavelengt,h 
x, coming  from  t'he Earth t'o the  satellite; also let +A be t'he 
spectral response of the radiometer us shown  in  figure 1.  
Then we may define an effect'ive black  body  temperature, 
TE, from 

Jm + A ( T E ) ~ A = J ~  + x l ~ x d ~ .  (1) 

Here B,(TE) is the Plarlck  black-body intensit'y for t~ 

t'ernperature TE. The  right side of equation (1)  is t'he 
actual  intensity which  passes through  t8he  instrument 
from  the  Earth  and produces the final  signal response. 
The  left side  is the intensit,y which would be sent, to  t'he 
sensing elementl in the sat'ellite  from a black  body  at, the 
"equivalent"  temperat>ure YE. Thus from  the satellite 
signals,  which are produced  by I,, it' is possible to det,er- 
mine  the  value of TE graphically [7]. The  satellite mens- 
urements  in  terms of TE wre shown in figure 2. There was 
an uncert'winty of about 40 seconds in the  time at, which 
t'lw dtlt'tL were observed by t'he  snt'ellite. To make the 
overall pattern agree with  the known position of t'he 
synoptic cloud pat'tern,  t'he whole radiation  map was moved 
east-southeast~wrtrd about 140 11. mi.  The pattern of the 
map was not' modified at, 

The dot,-dashed lines io figure 2 refer t'o conditions 
when the zenit'h  distance of t8he  sntellit,e  from  t'he observed 
point on the Karth's surface was 60°  or more. Under 
these  conditions,  the  sat,ellit,e  radiometer "looks" through 
:L long path of water  vapor which generally tends to 
reduce the value of TE. Prelimirlary studies for the  dah 
considered in this  paper  indicat'ed  that, when tlle  zenith 
distance was less than 60°, t'lle influence of t,he increased 
wrtt'er vapor  path WRS small. 

2. SATELLITE  RADIATION  AND  PICTURE  DATA 
IN  RELATION TO  CLOUD  COVER 

Figure 2 shows a broad,  northeast-southwest  band of 
low t'emperatures (cold radiative  sources)  in  the eastern 
part of the Unit.ed St'ates  with lowest, t'emperature  about 
240' K. From the earlier discussion regarding  the low 
emission from cold sources, this cold band  obviously repre- 
sented  an area of dense  clouds  extending  to  high levels. 
As indicated  in figure 2 these low temperatures generally 
straddled the surface  frontal zone through  this region. 
The c,etltral United  States was occupied by a broad region 
of fairly  uniform,  high  temperatJures  ranging  from  about 
280' to 285O K.; t'llis mea  must  have been either (1) 
cloudless, ( 2 )  covered by  warm, low clouds, or (3) covered 
by  scat,tered or broken  clouds  over a wdrm surface. 
Finally,  fart,her  west, a complicated  isot'herm  patt'ern ex- 
isted  with  the lowest temperatures, less than 250' K. over 
South Dakot'a, corresponding  to a region of cold clouds, 
wit'h substantially  warmer  areas more, than 270' K., over 
nearby  States. 

The cloud distribution  deduced  from figure 2 can be 
compared  with a nephanalysis  made  from  the cloud 
pictures  televised by TIROS 11, during  orbital pass 4 
(fig. 3).  This figure  shows a widespread  region of cloud 
overcast  in the  eastern  and  southern  United  St'ates with 
R sharp boundary  separutming the overcast  region  from a 
clear area over much of the  central  United  States.  Thus, 

4 As this articlc was going to prcss a new estirnatc of the error in  time was received 
from the N A S A  (vvrhal  communication). The new estimate indicates that  the original 
i i n w  (before our correction was applied) was in crror hy  about 48 sec. This would have 
required  that  the radiation map  he moved  cast-southeastward about 175 n.mi. This 
new  estimate is probahly not significantly different from tho 140 n m i .  by which \+e 
moved the  data in  figure 2. 
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FIGURE 2.-Effective temperature, TE, in OK., measured  by  TIROS I1 on  orbital  pass 4, 1805-1815 CMT, November 23, 1960. The  path 
of the  satellite on this pass was  from the  northwest  corner of the  country  east-southeastward  across  southern  Lake  Michigan  and 
across the  east  coast  over  Virginia.  Tlw  dot-dashed  isotherms  on  the  northern  and  southern  edges of the  data  are  in regions  where 
the  zenith distance of the  satellite  from  the  observed  point on the  Earth's  surface  was 60' or more. Thc  dashed  lines  are  inter- 
mediate 5" K. isotherms  which  show more detail where thrrr  is  wide spacing of the solid 10" K. isotherms.  Centers  labeled W and C 
indicate maxima  and  minima,  rrspectively, of effective  tcampcraturc. Surface  fronts taken from  the 1800 CMT sea level  analysis of the 
National  Rlctcorological Center (NMC) are  indicated by conventional  symbols (see fig. 4). 

the  high temperatures  over  t,hc  cent8ral  United  St,ates  in 
figure 2 were associated with an  rea ln;tinl?* devoid of 
clouds. However,  t'herc was an overcast  over the  South 
Central States which must  have consisted of w m n ,  low 
clouds. The more conlplicat,cd pat,tern of overcast8, 
broken, and clear areas over t,he Plains t m t l  enst'ern 
Rockies (fig. 3) was related to  t,he mditttion dat8:t too, 
with  lower temperat,ures generttlly in  zones of broken to 
overcast skies and higher  t,empcrat8ures  where  thinner 
clouds or  possibly  clear  skies  existed. Thus  on  an  overdl 
basis, figures 2 and 3 agree well. 

Inspection of the  surface  wcather map (fig. 4) a n t 1  t'he 
cloud cover rtnalysis h s e d  on  surface  synoptic  data, 
radiosonde data, radar  reports, and pilot report's (fig. 5 )  
in comparison d l 1  figures 2 and 3 shows that t,he  satellite 
data gave an excellent  overall picture of' the  sJ-noptic 

cloud dist'ribution  over the  area of coverage. The  broad 
overcast  in the  East, where  low effective tc~nperatures 
were found,  was  associated  with a quasi-stationary  front 
on  both sides of which  substantial  rainfall was  occurring. 
It is int'eresting that  the 250' K. isotherm  in figure 2 
generally  cnconlpassed most of the  rain area shown  in 
figure 4. In other  words  the  rain coincided with  the 
zone where the cloud tops were highest' and figure 5 shows 
that t'he  clouds st the  top of t8his portion of the overcast 
:ret1  were cirrostratus.  Furt,her discussion of cloud 
height's will be given  in  the  next  section. 

For the complex doud  patJtern  over t'he Plains  and  the 
Rockies, the  two  nephanalyses (figs. 3 and 5 )  were gen- 
erally  similar. It is not surprising,  however, that  the 
stit'cllit'e nephanalysis  did  not  indicat'e  much of the 
eastern  portion of' the cirrus and  cirrostratus  (scattered, 



FIGURE 3.-Nephanalysis based  on  TIROS I1 cloud  pictures  taken on orbital  pass 4, 1805-1815 GMT, November 23, 1960. The  symbols 
$, 0, and 0 refer  respectively to  overcast,  broken,  and  scattered  cloudiness, while CLR refcrs to  apparently clear  skies. The minus 
sign indicates  thin  cloudiness  and V means  variable.  The solid  line shows the, approximate  outer  limit of view  in  the  sequence of 
pictures. 

broken,  and  overcast)  over  kfinnesota, .Iowa, eastern 
Nebraska,  and  the  eastern Dnkot'as. This  inability  to see 
thin  cirrus  clouds in  t8he  satellite  pictures was pointed 
out for TIROS I [8]. Since the  quality of the wide-angle 
pictures  was subst~antinlly poorer  on TIROS 11, it was t'o 
be expected that t'his thin  cirrus cloudiness would not 
show up well. 

Likewise scat'tered c,loudincss over  the Lower Lakes 
and  Pennsylvania (fig. 5 )  did not show up in  t'he TlROS 
nephanalysis (fig. 3). These clouds were reported  to be 
stratocumulus  with  sonle higher  cirrus  over  t'he Lower 
Lakes. Again because of t'he poor quality of the  TIROS 
I1 pichures such  scattered cloudiness could not.  be de- 
tected.  Even  with the TIROS I wide-angle  camera [8] 
the identification of scattered,  small  cumulus (:loud fields 
was uncertain. 

Aside from t,hese scattered clouds a broad  area  from the 
Great  Lakes sout'hwestward to Oklahoma  and  western 

Texas was clear (fig. 5j, in agreement  wit,h the  TlROS 
nephanalysis (fig. 3 j and  the  high effective t,emperatures 
(fig. 2 ) .  A comp:lrison of effective temperatures  with  t'he 
surface  air  temperatures  in  this region showed rat8her close 
agreementm  fi.e.,  wit'hin  about 2 O - 3 '  e.). This  agreement 
is prohbly somewhat8 better  t'han one would expect' t'o 
find on t'tw average,  since t'he radiation  in  the window 
region is largely  dependent upon t'he  temperature of the 
Earth's surl'ace mther  than the air  temperat'ure.  More- 
over, the tthsorption and emission by the overlying  atmos- 
phere  usually m ~ k e s  the effective radiation  temperature, 
TE1 lower th:m t,htLt of the surf'we  itself. To see to  what 
extent, the atmosphere influcnces TE, calculations of the 
energy leaving  t'hc Earth were made wit'h  several  ground 
surface  temperaturcs  and  with  the  overlying  at'mosphere 
given by the radiosondes at t'he appropriate  times;  the 
effect, of ozone \vas also estimat'ed. T h e  result's indicate 
that for the mid-Unit'ed States, near noon on November 



FIGURE 4.-Surface weather map for  1800 GMT, Novenlbcr 23, 1960. Isobars (solid  lines) and  fronts  are  taken  from  the NMC analysis. 
Area of precipitation  along  the  east  coast  frontal zone is shaded.  Uashed  lines are isotherms of surface  air  temperature  drawn only 
in clear or scattered  cloud  areas a t  intervals of 5" K. 

23, the overlying atmosphere had t'lle effect, of reducing 
TE by about 3O-5' C. below t8he surface  tempernture. The 
temperat'urc of t'lle actual surface w : ~ ,  of coursc, not  pre- 
cisely known, but various studies [9] suggest t,h:tt near 
noon at. this latitude and ut this  time of y e w ,  the surface 
temperature in  veget'ated  areas is trhout 1'-3' C .  warmer 
than  t'he air a t  3 feet  above the  ground, where the  tem- 
perature  is roughly  comparable  wit'h the  tmeInperaturc in 
t,he conventiod shelter. Thus considering t8he  ground 
to be about 2"-3' C. warmer than t'he air sllelt'er t'em- 
perature, and considering  t,hnt TE should be about 3'-5' C. 
less than t,he surface  t'emperature, it is  not  surprising  that 
TE was close t'o the air  t'emperat'ure  in the shelter  for  cloud- 
less conditions in  this  case. 

3. ESTIMATION OF HEIGHTS O F  CLOUD  TOPS 
FROM  RADIATION  DATA 

The effective t'emperaturcs in the regions of overcast, 
cloudiness are essentially  related to  the  temperatures, and 

hence to  the elevations, of t'he  cloud "tops." For maxi- 
mum synoptic utility of t~ nephanalysis  based on satellite 
cloud  pictures,  it' would be most valuable t,o use t.he effec- 
tive  temperatures t'o make a qumtitative estimat'e of the 
heights of t,lw cloud tops. To do this it' is necessary to 
know the three-dimensional  temperature  dist'ribution in 
the :~tmospherr. For some p1:rces over  the globe this 
tcmperttture dist,ribution is known quite well, whereas in 
many :tre:\s of the world  (oceans,  sparsely populated areas) 
i t  is known  only approximately a t  best'. However, €or 
the Nort811ern Hcmisphere north of approximately 15' X., 
the Nnt'ional  Meteorologicd C h t e r  nou-rout'inelpproduces 
(by ohject'ive methods)  isotherm  patterns for t'he 850-, 
700-, 500-, and 300-mb. pressure surfaces. Also isotherms 
can readily he drawn on the surface mnp from the fairly 
numerous surface sgnopt'ic reports. Thus a t   m y  point 
north of lat'itnde 15' N., an approximtlt'e  'Lsounding" can 
be construct,ed  based  on  the  analyzed isot,herrns for these 
various constant  pressure charts and for the surface map. 
These t'emper:Lt'ure-height' curves can then be used to 



FIGURE 5.-Cloud covcr chart for 1800 GMT, Novc1mbc.r 23, 1960 based on convcntional  meteorological data (i.e., surface  observations, 
radiosonde  reports,  pilot  reports,  and  cloud  radar).  Various  lower,  middle,  and  upper cloud types  are  indicated  except  in  overcast 
areas where the  type of only  the  upper cloud  layer is  generally  shown. Solid  lines are  contours of the  heights  (labeled  in  thousands of 
feet) of the tops of the  highest  rloud  layers  in  overcast  and  broken areas. The  broken  contour  over  South  Dakota,  Nebraska,  and 
Wyoming  outlines the region of a middle-cloud  ovcwxst  with  tops  near 18,000 ft. The  fronts  are  the  same as shown  in  figures 2 and 4. 

assign a height, to each effective t'emperature at  any lo- 
cat.ion over the  Northern  Hemisphere.  Admit't'edly  such 
height  est'imates would be only  approximate in some places 
(perhaps  errors of a few thousand  feet would not be un- 
common), but  such a hemispheric  cloud  top  chart for  over- 
cast  areas  would  nevertheless be very desirable. In  
regions of broken  clouds the  values of TE and correspond- 
ing cloud top  height will be more difficult. t'o int'erpret; 
the  interpret'at>ion of t'he  satellite  data for broken  cloud 
areas  has  not been attempted here. 

This  height-det,ermination  procedure  was  applied t'o the 
dat'a in figure 2 tJo obt'ain  t8he  height' field shown in figure 6. 
In arriving at  this height field no account, mas t'akerl of 
cloud amount; heights were assigned to every effect'ive 
temperature  and  the  "~oundings" were simplified t'llrough 
use of only  constant'  pressure  and  surface  maps.  Tem- 

perat'ures on constant pressure  surfaces for 1200 GMT, and 
surface  temperatures  for 1800 GMT, November 23, 1960, 
were used to estimat'e  "soundings" closest to t'he  time of 
the  ~at~ellitc  data (about, 1810 GMT). 

Figure 6, t,ogether wit,h figure 3, suggests that,  the cloud 
tops  in  the  overcast  area over  t'he  east'ern United  States 
varied in  height  from less than 5,000 ft.  to over 27,000 
ft.   In general  t'his  height,  dist'ribution  agrees  with  t'he 
estimate of cloud  types and ceiling height's obtained  from 
the available  conventional data as shown  in  figure 5. 
The  cirrostratus clouds  over  Virginia and  the  Carolinas 
were generally  somewhatm  higher  t'han  the  estimate in 
figure 6 ;  pilot  report's  over t,his area and the cloud radar 
a t  Washington, D.C. (fig. 7) showed that  the t,ops ol 
the  cirrostratus were at, about' 32,000 ft.,  with bases  near 
25,000 ft.  The  radar record also indicated that the 
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FIGURE 6.-Heights of cloud tops  in  thousands of feet  for  1800 GMT, November 23,  1960 as estimated  from TIROS I1 measurements of 
effective temperature, TB,  and  from  vertical  soundings  based  on  analyzed  temperature  fields on standard  constant  pressure  charts. 
Areas of broken  (hatched)  and  scattered  (dotted)  cloudiness (as shown  in fig. 5 )  are  indicated  in  view of t.he ambiguity  in  such cases 
of height estimates  based on effective  temperatures  measured by 

cirrostratus had a sharp  boundary on it's  west  side. This 
boundary passed  over  Washington shortly  aft'er 1830 
GMT, about 15-20 minutes  after  the  time of the  TIROS 
I1 observation. Below the  cirrost,ratus was  a layer of 
altostratus clouds with  tops  near 14,000 ft.. As figures 
2 and 6 indicate,  t'here was a very  strong  gradient in the 
radiation data in the  area of Delaware,  Maryland,  and 
northern Virginia. This  undoubtedly  corresponded  to 
the cloud boundary where the  satellite  radiometer  swept 
across t,he edge of the high  cloud and t'hen on t'o the 
altostratus cloud to  the  north  and west.  This would 
have been h e ,  of course,  only if the uppermost  cloud 
contributed appreciably  to  the  radiat'ion.  The  more 
gradual decrease in height  (and  increase  in TE)  across 
Pennsylvania and West  Virginia was probably  associated 
wit'h a  change  from an overcast of middle  clouds to 
broken clouds and t,llen gradually to  clear  skies. In t'llis 
discussion of the  reality of the  radiation  gradients: it 
should  be pointed out  that'  the resolution of the  radiometer 

G20374"6?"-2 

TIROS 11. 

is about 40 miles  when the  instrument  points  straight 
down. That is, in  drawing the  data  for figure 2, measure- 
ments  near  the  east-west  center line of the diagram were 
available for about  every 40 miles.  Although noise 
present in the  system  sometimes  reduces t'he  resolution, 
each  measurement  represents  an  average  over  about 
40 miles. 

The port'ion of t'he  overcast,  over  Tennessee,  Alabama, 
and Mississippi (figs. 3 and 5 )  was  indicated as having 
tops between about, 3,000 and 7,500 ft,. (fig. 6). This 
corresponds  within  a few thousand feet  with  estimates 
made  from  radiosonde data  and pilot  reports (fig. 5 ) .  
Thus  the  radiation  data  readily  distinguished t'he lower 
cloud  t,ops  over the  South  from  the  much higher cloudiness 
over the East) and  Southeast. On the  other  hand, if 
cloud photographs  had  not been available (e.g., at  night) 
and  il conventional d a h  were also lacking  (e.g., over a 
data-sparse  area), i t  would have been difficult to dis- 
tinguish  t,his lower cloud  region from  the  nearby cloudless 



FIGURE 7."Trace of the cloud  base  and  top  radar a t  Washington, D.C., between  about  1700  and  1830 GMT, November 23, 1960. Height 
scale is labeled in  thousands of feet.  Middle  and  upper cloud layers  appear  dark  in  this  trace; lower  clouds are  not  always  detectable 
with  this  radar. 

area  to  the  northwest since the effective temperatures 
were very  similar  over  bot'h areas (fig. 2). However,  this 
area could easily have been distinguished  from  the  area 
of high (cold) clouds farther  east even  at, night.  Thus 
these radiation  data  can  serve  satisfactorily  to  detect 
large-scale middle and high  cloudiness a t  night,  but 
their  fullest  ut'ility  would be in the daybime when t,hey 
would complement the cloud  pictures. 

The overcast' area  over  South  Dakota  and  eastern 
portions of Wyoming  was  cold (TE-25Oo K.), correspond- 
ing  to  a cloud top  height of over 18,000 ft.  (fig. 6). Ac- 
cording to t'he  surface  report's  in that  area  an  altostrat'us 
overcast. exist'ed there,  and  from  the  sounding at  Rapid 
City  the  top of t'his  overcast was estimated t>o be at  about 
18,000 ft.  The outline of this  alt'ostratus  overcast( is 
indicated by  the dashed  18,000-ft.  line in figure 5. From 
all  indications i t  was overlain by a thin broken to con- 
tinuous  layer of cirrostratus, which did  not seem to  have 
much effect on the radiat'ion. 

Surrounding  these  western  higher  (cold)  areas  in figure 
6 were lower (warm)  areas  with  heights  as low as 5,000 ft,. 
These were associated  with the clear to scatt,ered  cloudi- 
ness areas  over  Nort,h Dakota  and  Montana (figs. 3 and 

5). Over  western  Wyoming (and  extending  into  Mon- 
tana) a  minimum  height  axis of less than 12,500 ft. 
paralleled an area  interpret'ed  as  clear  in the pictures 
(fig. 3) .  This axis lies along the  Continental  Divide  and 
t'he  radiation values may  have been related  to  the  temper- 
atures of many of the  mountain  peaks which are  more 
than 10,000 ft,. high. 

4. SOME REMARKS ABOUT INFRARED EMISSION 
FROM  CIRRUS  CLOUDS 

In  regard  to  the  results in  relation  t'o  clouds, it is of 
course well known t'hat  some clouds such  as  altostratus, 
stratocumulus,  and  nimbostratus  are  usually fairly 
opaque;  that is, the energy which originates  deep  in  the 
cloud does not emerge through  the cloud top.  Therefore, 
the energy  which comes to  space  from  such a cloud 
arrives  from a shallow layer  near  the cloud top,  and 
approximates  the emission from a dense medium of uni- 
form  temperature.  Cirriform clouds,  however,  are  more 
diffuse and  in  such a diffuse medium  particles  throughout 
the  depth of the cloud may  contribute  to  the  radiant 
energy  emerging  from the cloud top. If the cirrus  cloud 



is not very thick it is not capable of interfering  appreciably 
with t’he energy  apriving  from below. On the  other  hand, 
if the cirrus  cloud  is  t,hick, a substant,ial  contribut,ion 
from the  cirrus  particles is t’o be expechd. 

An example of thin  cirriform  cloud, which was discussed 
earlier,  was found  over  South  Dakota where 7, corrc- 
sponded closely to  the  temperature at’ the  top of the 
altostratus at. 18,000 ft’.  and seemed to he unaffect,ed by 
the overlying cirrus,  The t’hicker type of cirrost,rat’us 
was found in  portions of the  frontal zone over the east’ern 
United St’ntes (figs. 5 and 7). The lowest value of TE 
observed by t.he snt8ellik  in  this region was about 240’ K. 
(fig. 2).  The radiosonde  temperatures at   the top and 
base of this  cirrost’ratus were 225’ K. and 240’ K., re- 
spectively; the top of t.he underlying  altostratus  had a 
temperature of 260’ K. Considering  these  various tem- 
perature values, i t  appears  that  in  this area energy  reached 
the sat,ellite from both  t8he  cirrostratus and altostratus 
clouds and  that,  the  energy  contribution  from  t’he cir- 
rostratus particles  varied  according to t)heir depth or 
temperat’ure. 

This behavior of cirriform  cloud in regard  to  infrared 
radiation is similar to  the classical problem of emission 
from a star in which  tempernt’ure  varies in t’he vertical, 
a problem t’reated by Schuster [lo]. Further  st’udy of 
satellite infrared  measurement’s may give  some additional 
insight int’o such opt,ical  propert’ies of clouds  for infrared 
radiation. 

5 CONCLUSION 

The satellite  observations  have  shown  t.hat the radi. d t,’ 1011 

data  in the IO-micron water-vapor window can detect,  t’he 
presence  of large-scale  overcast made up of middle  or 
dense high clouds, a t  least’  in  middle and low latitudes, 
and thnt  this  can be done bot’ll day and  night. At the 
same t,ime, radiation d a h  also furnish  an  estimate of the 
heights of the tops of overcast’s  wit’hin  a few thousand feet’, 
although cirrus  clouds,  because  t’lley are  ptirtially  trans- 
parent, are  not  clearly  defined.  When  cloud  pictures are 
also available during  daytime, t’he radiation  dat’a can  aid 
in the determination of the height’s of the tops of low 
cloud syst’ems. 
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